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Abstract

The supercontinent cycle explains how landmasses amalgamate into super-plates, which dismember after a "100 Myr tenure in
a quasi-periodic manner controlling Earth’s long-term geodynamics. Pangea, the latest supercontinent, formed “330 Ma, began
to rift 240 Ma finally broke-up "200 Ma and it is generally considered the template for all previous supercontinents. The
formation of Pangea as a super-plate 330 Ma show a major pitfall: The geologic record between 330-270 Ma predicts >1500km
of shortening/extension and shows large volumes of magmatism and metamorphism of unidentified origin. Here I present a
tectonic reconstruction that reconciles the inconsistent datasets. In this model, after the initial amalgamation of Pangea the
comprising plates kept interacting at least between 320 Ma and 270 Ma, when finally established as a super-plate for a brief

period of <70 Myr, which following most recent models would be too short to control the mantle dynamics.
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Key Points:
e Pangea was a mobile continent until it became a superplate as late as 270 Ma
e Pangea acted as a single plate for a brief period of time <70 Ma, and likely <50

e The tenure of Pangea’s superplate was likely too short to affect the mantle circulation
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Abstract

The supercontinent cycle explains how landmasses amalgamate into super-plates, which dismember after a ~100
Myr tenure in a quasi-periodic manner controlling Earth’s long-term geodynamics. Pangea, the latest supercontinent,
formed ~330 Ma, began to rift ~240 Ma finally broke-up ~200 Ma and it is generally considered the template for all
previous supercontinents. The formation of Pangea as a super-plate 330 Ma show a major pitfall: The geologic
record between 330-270 Ma predicts >1500km of shortening/extension and shows large volumes of magmatism and
metamorphism of unidentified origin. Here | present a tectonic reconstruction that reconciles the inconsistent
datasets. In this model, after the initial amalgamation of Pangea the comprising plates kept interacting at least
between 320 Ma and 270 Ma, when finally established as a super-plate for a brief period of <70 Myr, which
following most recent models would be too short to control the mantle dynamics.

1 Introduction

In the early 20th century, Alfred Wegener presented Pangea (‘all lands’ in Greek), the
“primordial” continent containing all landmasses, whose break-up gave birth to our present-day
Earth. Unaccepted for several decades, Pangea became the geologic landmark after the discovery
of seafloor spreading and advent of plate tectonics (Pastor-Galan, Nance, et al., 2019). The
description of Earth’s solid outer shell into rigid plates that move and interact evoking pieces of a
spherical jig-saw puzzle (Torsvik et al., 2012; Torsvik & Cocks, 2017) revolutionized Earth
sciences and made possible understanding pre-Pangean geology under a unifying paradigm
(Evans, 2013). The proposition that other supercontinents might have existed before Pangea,
later known as the supercontinent cycle, quickly followed plate tectonics theory. The
supercontinent cycle hypothesis proposes that Earth's continental plates amalgamate into single
plates with a duration of ca. 100 Myr, which inexorably met their demise when they break apart,
in a quasi-periodic cycle that lasts approximately 600 million years (Myr) (Nance et al., 2014).
The supercontinent cycle is mostly grounded on indirect geochemical and geochronological
proxies whose signatures are not always equivalent (Spencer et al., 2013), mostly because of the
limitations of plate reconstructions in pre-Jurassic times (Domeier & Torsvik, 2019). The
amalgamation and disruption of supercontinents have been linked to paleogeographical changes
in sea-level, biogeochemistry and global climate change (Campbell & Allen, 2008). These
external changes do not require any particular geodynamic setting, the mere existence of one
super-landmass and its counter super-ocean would trigger most of them. In contrast, geochemical
proxies (Gardiner et al., 2016; Spencer et al., 2013) and numerical models (Heron & Lowman,
2010; Heron, 2019; Yoshida & Santosh, 2011) suggest that the formation of super-plates may
control the mantle geodynamics and the global plate tectonic circuits. To achieve such an
influence on the mantle circulations super-plates need to have no internal lithosphere-mantle
interactions during long periods of time (usually >75 Myr) ( Coltice et al., 2007; Heron, 2019)
and surpass certain size (ranging between 15 and 20% of Earth’s surface)(Coltice et al., 2009;
Pastor-Galan et al., 2019). This potential links led to develop a supercontinent cycle hypothesis
that would drive the long term solid Earth's geodynamics tied to large igneous provinces (LIPS),
plume volcanism, deep mantle circulation, outer core dynamics and the evolution of Earth’s
magnetic field(Philip J. Heron, 2019; Pastor-Galan, Nance, et al., 2019). However, and despite
their potential importance, all these links are permissive rather than proven.

Pangea, the most recent continental super-plate, has logically played a crucial role in the
development of the supercontinent cycle hypothesis. It remains the best constrained
supercontinent, whereas other pre-Pangean supercontinents are kinematically less known(Evans,
2013). Pangea’s disassembly is well understood owing to the preservation of the ocean floor that
grew between its components (Mller et al., 2019). In contrast, the amalgamation and tenure of
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Pangea remains puzzling, the plate kinematics and mechanisms responsible for its formation are
contradictory resulting in a long term debate on how the Pangean super-plate formed and its
geodynamic consequences (Domeier et al., 2012; Yoshida & Hamano, 2015). In this paper, |
present a plate reconstruction that reconciles paleomagnetic and geological data and shows that
Pangea was likely a short lived super-plate, in spite of being a long-lived, but tectonically active,
large landmass.

2 The Two faces of Pangea

The geometry and kinematics of Pangea previous to its break-up are reasonably
constrained. In the early Mesozoic era (ca. 240 Ma) extension commenced in Pangea’s between
present-day NW Africa and North America (Kneller et al., 2012; Miller et al., 2019). After a
protracted period of extension of about 40 Myr, oceans arose in the Early Jurassic (Muller et al.,
2019) assisted by plume magmatism originated above the Large Low Shear Velocity Province
(LLSVP) known as TUZO (Burke, 2011; Burke et al., 2008), to end now, with its former
constituents dispersed and globally distributed (Torsvik et al., 2012).

Pangea’s amalgamation occurred during most of the Paleozoic era with a series collisions
between the existing continents (Gondwana, Siberia, Laurentia, Baltica, Avalonia (s.l.), and other
minor plates). The Devonian-Carboniferous collision of Gondwana and the previously
amalgamated Laurussia (Laurentia, Baltica and Avalonia), the two largest continents at the time,
formed a large orogeny in the core of Pangea (Fig. 1). The collision zone became a 1000 km
wide and 8000 km long global-scale orogenic system (Variscan, hereafter) whose fragments are
now dispersed over Europe, Africa and North America due to the Mesozoic break-up of Pangea
(Fig. 1) (Domeier & Torsvik, 2014; Weil et al., 2013). The Variscan formed as a consequence of
a continued tectonic history that involved the consumption of at least one major ocean, the
Rheic, commencing at 420 Ma and whose mid-oceanic ridge subducted at ca. 395 Ma along its
paleo-northern margin(Nance et al., 2010). Most tectonic reconstructions assume Pangea being a
single and stable super-plate from ca. 330 Ma( Domeier et al., 2012; Stampfli et al., 2013; Wu et
al., 2020). However, this hypothesis of a Pangean super-plate from ca. 330 Ma is not consistent
with many observations:

1) The continent-continent collision after closure of all intervening oceans was
diachronistic and became progressively younger westwards (in present-day coordinates): from
Devonian along the eastern boundary, progressing to Early Permian ages in the westernmost
sector (Pastor-Galan et al., 2015).

2) An enhanced thermal regime with widespread post orogenic (between 310 to 270 Ma)
but not plume related magmatism in the core of Pangea (Weil et al., 2013) was accomapanied by
particularly hot high pressure metamorphism (Tsujimori & Ernst, 2014).

3) Paleomagnetism, which informs about paleolatitudes and vertical axis rotations of
continents, can quantify past motions between continental blocks if they are not connected to
oceanic crust through a passive margin. Paleomagnetic data show significant vertical axis
rotations that imply thousands of kilometers of shortening and /or extension (depending on the
location of the Euler poles)(Pastor-Galan et al., 2018) within the super-plate (Fig. 2). Coevally
globally distributed Late Carboniferous and Permian basins developed. In addition global
Paleozoic paleomagnetic data from stable continents have consistently shown >1000 km
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latitudinal overlaps between Gondwana and Laurussia in conventional Pangea reconstructions
(known as Pangea A models) (Domeier et al., 2012; Gallo et al., 2017; Kent & Muttoni, 2020).

To accommodate the paleolatitudes imposed by the paleomagnetic data, some authors
suggest a different framework, the Pangea B model, in which Laurussia would locate to
Gondwana's far-west (Fig. 1) (Gallo et al., 2017; Kent & Muttoni, 2020). The transition from a
Late Carboniferous Pangea B to the unanimously agreed Pangea A configuration at the Permo-
Triassic boundary(Kent & Muttoni, 2020; Miller et al., 2019) requires >3500 km of right-lateral
displacement between Laurussia and Gondwana through one (or a series of) megashear zone(s)
(Fig. 1). Pangea B reconstructions acknowledge the internal mobility of Pangea during the
Permian but they are incompatible with the observed vertical axis rotations and associated
shortening and extension in the interior of Pangea(Domeier et al., 2012). In addition, geologic
evidence allowing Pangea B, so-designed to fulfill paleomagnetic criteria, is critically lacking:
Paleobiology evinces strong affinities between late Paleozoic flora of north-west Africa and
western Europe—eastern North America (Correia & Murphy, 2020), and similarities in Permian
fauna in southern North America and northwestern South America. Whereas the European
Tethyan realm (Greater Adria) shows affinities with central Asia(Angiolini et al., 2007).
Stratigraphic and provenance analyses also link late Paleozoic sedimentary styles and facies
between southern North America and northwestern South America, and between northern Africa
and western Europe—eastern North America (Correia & Murphy, 2020; Domeier et al., 2012).
Pangea B faces its most serious challenge in the absence of structural evidence for a ~3500 km
dextral megashear zone between Gondwana and Laurussia. Despite the good exposure of the
collision zone between Gondwana and Laurussia, the only right lateral motion and shear zones
are Late Carboniferous to Early Permian, rather than the necessary middle to late Permian age to
justify the movement (Kent & Muttoni, 2020). In addition, such right lateral motion estimated in
<700 km (Matte, 2001) is far below the necessary >3500km. Pangea B model also requires the
previous southeast North America (Ouachita—Marathon) facing the Panthalassa Ocean (Fig. 1),
the Appalachians juxtaposed with the northern Andes, and the European Variscan opposed
western Africa (Fig. 1). Finally, most data support a tectonically stable Pangea interiour from the
Middle Permian (~270 Ma) to the Middle Triassic (~240 Ma) (Ziegler, 1990).

3 Plate kinematic constraints

This paper reconstructs plate configurations at Pangea’s interior between 320 and 270 Ma
with a paleomagnetic reference frame supported by multiple geologic observations and
semiquantitative data. The plate circuit of this paper’s model ends in South Africa, . In the paper
we provide two options for the movement of South Africa (see Materials and methods).

3.1 Paleomagnetism

For the reconstruction of the inner Pangean kinematics between 320 and 270 Ma, | used
the most recent global compilation of paleomagnetic poles for the Phanerozoic (Torsvik et al.,
2012) And a compilation of all available paleomagnetic data from the Variscan orogen, from
Poland to Iberia and the Atlantic coast of North America, in the time from 330 Ma and 280 that
met a minimum of quality pre-requirements (See Materials and Methods). Paleogeographically,
the newly compiled data come from both Gondwana and Laurussia margins, most of them from
the area putatively deformed by shearing during the Pangea B to Pangea A transition in the
middle Permian. The reconstruction fulfills all paleomagnetic constraints, both from the orogenic
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areas (Fig. 2) and from stable Laurussia and Gondwana, including those suggesting large
overlaps in classical Pangea A reconstructions (Fig. 1). Paleomagnetic poles used in the paper
and their references are listed in Table S1.

Paleomagnetism supports a general northwards drift of Gondwana during the late
Paleozoic. In contrast Laurussia apparently kept its latitude moving roughly E-W, at least until
the Early Permian (Torsvik & Cocks, 2017), when it started moving northwards together with
Gondwana until the break-up of Pangea. The reappraisal of the paleomagnetic observations from
330 Ma to 270 Ma in the Variscan orogen shows vertical axis rotations with respect to the
magnetic pole of continental blocks that affected the majority of the orogen, a vast area within
Pangea (ca. 7.5 x 106 km2; Figs. 1 & 2). This paleomagnetic dataset shows compatible
paleolatitudes in the collision zone between Gondwana and Laurussia (Fig. 2; SF1). Data from
NW Europe show a consistent ~30° clockwise rotation at 320 Ma. The magnitude of rotation
decrease on time until it gets O in all magnetizations younger than 270 Ma (Fig. 2) which are
considered the upper and lower bounds for it. The rotation affected the majority of Gondwana
and Avalonia s.l. (a former 'ribbon continent' that constituted the Laurussian southern realm Fig.
1). Late Carboniferous clockwise rotation also occurred in the original Laurentian margin
(present day Scotland, and northern half or Ireland), but only the areas located in the vicinity of
major Carboniferous structures seem to be affected (Figs. 2 and 3). Most of the Iberian
peninsula, SE France, Corsica and Sardinia show coeval and opposite sense counterclockwise
rotations of about 90°. In the NW of the Iberian peninsula, it is possible to observe both in its
geometry and through differential vertical axis rotations, the change in trend (Weil et al., 2013).
In most of the reassessed cases, paleomagnetic data were disregarded due to their secondary
origin (i.e. coming from older rocks that were remagnetized in the Carboniferous). In the other
cases, the observed rotations were considered local effects, and therefore of minor significance in
global tectonics (Edel et al., 2018) or even supportive of Pangea B, despite showing no
paleolatitude incompatibilities (Bachtadse et al., 2018). Satisfying the late Carboniferous-early
Permian vertical axis rotations that paleomagnetic data indicate requires large scale movements
within Pangea. The motion would involve >2000 km of convergence and >1000 km extension
accommodated somewhere at Pangea’s interior after its alleged stability (ca. 330 Ma). however,
that deformation is yet to be localized.

3.2 Geology

The subduction of the Rheic ocean relics and development of the Variscan (s.l.) orogen
accommodated the oblique convergence between Gondwana and Laurussia during the Late
Paleozoic(Nance et al., 2010). At the end of Carboniferous, the convergence imposed by the
continuing northwards motion of Gondwana buckled the Variscan orogen affecting both margins
and likely accommodated several hundreds of kilometers of shortening at a lithospheric scale
(Pastor-Galan et al., 2020; Weil et al., 2013), a structure that is especially visible in the
westernmost Europe (Edel et al., 2018). Other consequences of the north-south convergence in
the late Carboniferous to early Permian include the closure of the Junggar Ocean (Chen et al.,
2014), and the bending/buckling the Kazakhstan arc in the Central Asian Orogenic Belt (Li et al.,
2018).

Widespread transpressional and transtensional lithospheric scale structures also formed in
the time between 320-270 Ma. The main strike-slip motion within the core of Pangea is right-
lateral(Matte, 2001) owing to the E-W convergence imposed by Laurussia. Most of these faults
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follow the curved trend of the orogen suggesting accommodation of vertical axis rotations
(Gutiérrez-Alonso et al., 2008; Turrillot et al., 2011). Restoration of slip displacement along the
faults brings the European Variscan belt into continuity with the Moroccan and North American
sections of the belt (Gutiérrez-Alonso et al., 2008).

In addition to shortening and wrenching, many areas of inner Pangea underwent
extension that led to the formation of over 100 rift basins (Lamotte et al., 2015) (Fig. S2). Major
Permian extensional and rift basins include the North Sea and Oslo rift, the Rotliegend areas
(from Netherlands to Poland), the conjugate margins between Iberia and Newfoundland, the
large Karoo system from Arabia to South Africa, and the Neotethyan basin that opened along the
Paleo-Tethys southern margin (from Arabia to Australia) (Lamotte et al., 2015).

In E North America and Europe, the areas most affected by Late Carboniferous-Permian
post-Variscan shortening, strike-slip or extensional tectonics a magmatic pulse that peaked at ca.
310-270 Ma has been recognized. Voluminous mafic to granitoid intrusions were emplaced
together with their extrusive equivalents both the internal and external zones of the orogen
(Boscaini et al., 2020; Gutiérrez-Alonso et al., 2011; Wilson, 2004). Although this tectono-
thermal event has been linked with the orogenic collapse of the Alleghenian—Variscan—Ouachita
belt or with a plume event, the collapse of the Variscan belt in Europe finished at the earliest
Pennsylvanian (Pastor-Galan et al., 2019) and the geochemical data from the magmatic rocks,
especially in northern Europe, is not compatible with the involvement of a mantle plume
(Gutiérrez-Alonso et al., 2008).

In southern and western Europe the magmatic pulse is compatible with subduction,
delamination and/or slab break off (Boscaini et al., 2020; Gaggero et al., 2017; Pereira et al.,
2014). Late Pennsylvanian to middle Permian rift basins also show an extensive and significant,
but short (305-270 Ma) magmatic pulse accompanying the extensional phase(Zeh et al., 2000)
that sometimes trespassed the basins extent like the Permian dyke and sill complexes of Northern
England and Scotland (Lamotte et al., 2015). In the particular case of the Neotethys rifting,
plume volcanism is indeed involved. The Panjal Traps, present day NW India, occurred at
289 + 3 Ma in the southern realm of the Paleotethys ocean (Yeh & Shellnutt, 2016), and possibly
assisted the lithospheric extension and further opening and development of the Neotethys ocean.

High Pressure (HP) metamorphism, ophiolite obduction and arc inception occurred along
the Paleotethys realm within the period 320-270 Ma(Jian et al., 2008; Shafaii Moghadam &
Stern, 2014; Zhang et al., 2016). HP rocks are commonly found in Iran and China, coevally the
Jinshajian and Xiangtaohu supra-subduction ophiolites obducted (~300-280 Ma). All these
processes suggest subduction initiation, ridge failure, and/or ridge subduction events
accommodated the northwards movement of Gondwana and the plate reorganization after the
formation of the Pangean super-plate. Subduction initiation/ridge subdution of the Paleotethys
occurred concomitantly to the rifting of the Neotethys(Gutiérrez-Alonso et al., 2008). The
previous subductionand obduction record together with the Late Carboniferous and Permian
development of the Meliata Arc, E Europe, suggest a northwards directed subduction initiation
and/or ridge subduction. In contrast, recently described arc magmatism in the Pontides (present
day Turkey,) proves subduction with south polarity at least in the Paleotethyan southern realm
below Greater Adria (van Hinsbergen et al., 2020). Other relics of southwards subduction have
not been found yet along the Paleotethyan southern realm.
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Other occurrences of HP metamorphism at that time span are preserved in the Central
Asian Orogenic Belt (CAOB) and within Panthalassa (Nipponides) (Isozaki et al., 2010; Li et al.,
2018). A very particular feature of the late Carboniferous and Permian HP rocks is a global lull
of lawsonite blueschists (Tsujimori & Ernst, 2014). The global lawsonite hiatus is a robust
indication of relatively warm subduction-zone thermal regimes at this time globally (Tsujimori &
Ernst, 2014).

In the model presented in this paper, the Paleotethyan subduction appears segmented with
different polarities depending on the realm since it was the simplest kinematic solution.
However, it cannot be ruled out subduction towards both north and south along the entire
Paleotethys.

4 Discussion and Conclusions

Most geologic disciplines long backed that Pangea amalgamated at ~330 Ma and
remained for over 130 Myr as a single plate until its early Jurassic break-up, attributing unknown
biases to paleomagnetic data (Domeier et al., 2012) or local scope to structural and/or petrologic
data (McCann et al., 2006). Despite the Pangea A agreement among the geologists, the
structural, petrologic and geochronologic data provided here, support that substantial areas of
Pangea kept intensively deforming during the late Carboniferous and early to middle Permian. to
become internally stable at ca. 270 Ma (Gutiérrez-Alonso et al., 2008; van Hinsbergen et al.,
2020). During that time interval: (1) large amounts of lithospheric scale shortening formed
orogenic transects in western Europe, North Africa and Southeastern North America(Pastor-
Galén et al., 2018, 2020); (2) large amounts of post-collision magmatism occurred in the
Variscan belt (e.g. Boscaini et al., 2020); (3) Oceanic rocks within the intra-Pangea Paleotethys
ocean obducted and exhumed (Zi et al., 2012); (4) extension and rifting occurred in the present
day North Sea, Atlantic Canada-Iberia conjugate margins, eastern Africa and west Australia, and
the southern realm of the Paleotethys, which after a protracted extension gave rise to the break-
apart of a ribbon continent (Cimmeria) and the opening of the Neotethys Ocean (Lamotte et al.,
2015).

The plate model of this paper proposes that Gondwana, with a northwards trajectory
through the late Paleozoic (~400 to 250Ma)(Torsvik & Cocks, 2017) and Laurussia, roughly E-
W during Carboniferous times (~360 to ~300 Ma)(Torsvik et al., 2012), collided and caused a
diachronous westward-younging collision (Edel et al., 2018; Wu et al., 2020). leading to
orogenesis, from Late Devonian (in eastern Europe) to the early Permian (southeastern North
America) (Nance et al., 2010). The obliquity of the collision and the incessant northwards
motion of Gondwana, caused a plate tectonic reorganization penecontemporaneous to the Pangea
amalgamation. The Rheic Ocean, which separated both Gondwana and Laurussia continents,
closed in a 'zipper' style through the late Paleozoic (Domeier & Torsvik, 2014) (Fig. 3 and
Supplementary Videos). During the late Carboniferous, the deformation at the increasingly
coupled Gondwana and Laurussia boundary could no longer accommodate the quick northwards
motion of Gondwana on the orogen's western side, while the subduction of the Rheic ocean
continued and accommodated the convergence at its eastern realm. The western Rheic remnant
subduction allowed the slight clockwise rotation of Gondwana suggested by paleomagnetism
(Gallo et al., 2017; Torsvik et al., 2012). The rotation of Gondwana produced a buttress effect,
which together with the protracted northwards convergence, led to a change in the stress field
and buckled the previously formed orogen at the Rheic western realm between 320 Ma and 270
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Ma. Orogen buckling and its associated strike slip deformation accommodated the shortening
imposed in Pangea’s interior. Whereas, subduction initiated (and or the mid-ocean ridge
subducted) along the northern margin of the Paleotethys ocean (Gutiérrez-Alonso et al., 2008),
which accommaodated the convergence within the Paleotethys. The sustained northwards
convergence of Gondwana likely contributed to the buckling of the Kazakhstan arc and closing
of the western Central Asian Orogenic belt in the Permian (Li et al., 2018) (Fig. 3 and
Supplementary Videos).

The widespread magmatic activity in the core of Pangea within the time frame 320 to 270
Ma is consistent with a hemispheric subduction initiation within the Paleotethys ocean
(Gutiérrez-Alonso et al., 2008; van Hinsbergen et al., 2020). Subduction initiation and/or ridge
subduction triggered major slab pull and roll back effects in the north and southern Paleotethyan
realms (Fig. 3 and Supplementary Videos). Both processes, perhaps together, could be
responsible for initiating the opening of the Neotethys Ocean during the early to mid-Permian
(290-270 Ma) after Cimmeria rifted apart from Gondwana (Domeier & Torsvik, 2014; Gutiérrez-
Alonso et al., 2008). From 270 Ma the northwards migration of Cimmeria and the enhanced
subduction of the Paleotethys accommodated most northwards migration of Gondwana,
establishing the new plate kinematic system. From 270 Ma, geological and paleomagnetic data
suggest that Pangea became a rigid large scale plate until about 240 Ma, when extension began
and nucleated the future central Atlantic Ocean, which opened ca. 200 Ma (Muller et al., 2019).

Subduction initiation/ridge subduction along the Paleotethys can explain the hiatus of
lawsonite blueschists during the Permian (Tsujimori & Ernst, 2014). The Absence of lawsonite
in high pressure rocks indicates hotter subduction zones, for example during subduction of the
youngest parts of the ocean lithosphere. In addition, the model of this paper allows to speculate
on the effect of these newly developed subduction zones on the core-mantle boundary. The
subduction zones developed in the Paleotethyan realm occurred approximately over the large
indent in the northern area of the low shear velocity province TUZO (Burke et al., 2008) evoking
the possibility of a cause-effect relationship. Permian subducting slabs of the Paleotethys might
have modified the shape of this low shear velocity province after falling over it. However, the
size and volume of these slabs is moderate and therefore the link may be casual.

The recognition of major late Carboniferous - early Permian continental scale
deformation and subduction initiation in the Paleotethys is consistent with paleomagnetic
datasets (Fig. 2 and S1) and with late Carboniferous and Permian geologic database. The
reconstruction presented here shows virtually no overlapping of continents due to incompatible
paleolatitudes (Fig. 2B and C), and therefore there is no need for invoking >3,500 of an intra-
Pangean dextral megashear(Bachtadse et al., 2018; Kent & Muttoni, 2020) during the Permian,
which has never been documented. In addition, the reconstruction can explain why Pangea did
not separated in Europe following the sutures of the former lapetus/Rheic oceans as predicted by
a traditional view of the Wilson cycle (Fig. 1). The reconstruction acknowledges that most
intervening plates acted as large land-mass for over 100 Myr, which had a large influence in
external geological processes such as changes in sea-level, biogeochemistry, and global climate.
In contrast, in this model plates amalgamated into a Pangea super-plate only for a brief period of
30 to 50 Myr:. The participant plates remained independent, and actively interacting with each
other and the underlying mantle, until ~270 Ma. The first evidences of extension within Pangea
dated 240 Ma and the central Atlantic rifting was ongoing ca. 220 Ma (Muller et al., 2019). This
model begs for a reassessment of Pangea as a template for other supercontinents or the
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supercontient cycle itself. Pangea acted as a super-plate for a too short period of time to have the
influence in the mantle and core geodynamics that conceptual and numerical models predict for
supercontinents and supercontinent cycles (Coltice et al., 2009; Heron, 2019; Yoshida &
Santosh, 2011).
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Fig. 1. The Two faces of Pangea (a) Classic views of Pangea A and B during the late
Carboniferous, with a line marking the equator and the accepted Early Triassic Pangea A. b)
Distribution of the landmasses, present-day plate boundaries and oceanic sutures in the core of
Pangea. Note that counterintuitively, Pangea broke too far from some pre-existing oceanic
sutures and weak lithospheric zones, even cross cutting cratonic areas.

Fig. 2. a) Plot showing the vertical axis rotations in the core of Pangea. expected declination of
the studied paleomagnetic data-set from Europe and East North America compared with the
global apparent polar wander path rotated to Baltica (Torsvik et al., 2012). A clockwise rotation
of NW Europe and NE America and a counterclockwise rotation of the Iberian peninsula and
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some areas of the Mediterranean are shown by the dataset. For errors see Figure S1. b) Global
Apparent Polar Wander Path (GAPWaP) rotated to the Gondwana coordinates and c) to and
Laurussia A) shows poles from volcanic rocks and inclination corrected sedimentary rocks that
were not included in Gallo et al. APWP. The only pole that does not fit is that from Adria (e.g.
Kent and Muttoni, 2020) Reference location is county Cork, Ireland: 52° N, -9° E.

Fig. 3. Formation of Pangea. Plate reconstruction of the core of Pangea. The continuing
northwards convergence of Gondwana leading to a change in the stress field in the Variscan
orogen, which produced shortening, vertical axis rotations and localized extension. Synchronous
subduction initiation/ridge failure/ridge subduction occurred in the Paleotethys around 300 Ma.
After the opening of the Neotethys, migration of Cimmeria northwards, and amalgamation of
Siberia craton to Laurussia, Pangea became a rigid super-plate by about 270 Ma. The
lithospheric scale structures formed during the period 320-270 Ma may explain why Pangea
broke up where it did in the North Atlantic did not follow the previous sutures.
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